DISPLAY DEVICE HAVING SRAM BUILT IN PIXEL 



CROSS REFERENCE TO RELATED APPLICATION 
This application is based upon and claims the benefit of priority under 35USC § 
5 119 to Japanese Patent Application No. 2000-356132, filed on November 22, 2000; the 
entire contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

10 The present invention relates to an active matrix type display device having an 

SRAM in a pixel. More specifically, the present invention relates to a circuit technology 
reducing a power loss caused during display of a still image by graphic data held in the 
SRAM. 

2. DESCRIPTION OF THE RELATED ART 

15 As a memory device capable of statically holding graphic data in one pixel, an 

active matrix type liquid crystal display device having an SRAM built therein (hereinafter, 
referred to as an SRAM-built-in liquid crystal display device) is developed. 

Generally, in a liquid crystal display device without the SRAM built therein, still 
image data is given to each frame, thus displaying a still image. Since a driver, a graphic 

20 controller and the like continuously operate during the display, it is difficult to reduce 
power consumption. Meanwhile, in the SRAM-built-in liquid crystal display device, a 
still image is displayed based on the still image data held in the SRAM (hereinafter, 
referred to as SRAM holding data). Since the driver, the graphic controller and the like 
are on standby during the display, the power consumption can be reduced. As 

25 documentation disclosing this type of liquid crystal display device, there is USP5,712,652. 
Here, described is a liquid crystal display device including a digital memory cell as a 
memory device for each pixel. 

During the display of the still image based on the SRAM holding data, it is 
unnecessary to supply a power source voltage to circuits of the driver, the graphic 

30 controller and the like on standby. In the conventional SRAM-built-in liquid crystal 
display device, since the power source voltage has been supplied to the entire circuits 
even on standby, the power loss has occurred inside the circuits on standby. 

A similar power loss occurs also in a DC/DC converter supplying the power 
source voltage to the driver, the graphic controller and the like. The DC/DC converter is 
35 constituted of a switching regulator or a series regulator. Therefore, even if a load 
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thereto is almost zero, a self loss of such a regulator is caused, leading to a power loss for 
this amount. 

In many cases, the SRAM-built-in liquid crystal display device is used as a 
display of a portable information apparatus driven by a battery. Hence, a wasteful power 
5 loss causes a battery life to be shortened. From the background as described above, for 
the SRAM-built-in liquid crystal display device, required is further reduction of the power 
consumption during the display of the still image based on the SRAM holding data. 
BRIEF SUMMARY OF THE INVENTION 
The object of the present invention is to further reduce the power consumption 
10 during a drive of the SRAM-built-in display device based on the SRAM holding data. 

A first feature of the display device according to the present invention is a 
display device including a memory device-built-in pixel portion including a plurality of 
data lines and a plurality of scan lines arranged in a matrix, a plurality of pixels disposed 
on respective intersections of the both lines, a plurality of pixel switching elements 
15 electrically conducting the data lines and the pixels based on scan signals supplied to the 
scan lines to write graphic data supplied to the data lines into the pixels, and a plurality of 
memory devices storing the graphic data supplied to the data lines and being constituted to 
be capable of supplying the graphic data stored to the pixels corresponding thereto, a data 
driver and a scan driver for controlling the write of the graphic data supplied to the data 
20 lines into the pixels in order to perform a first display, a memory device driver for 
controlling the write of the graphic data held in the memory devices into the pixels in 
order to perform a second display, a power source voltage generating unit for supplying a 
power source voltage to the data driver and the scan driver, and a power source voltage 
control circuit for stopping a supply of the power source voltage from the power source 
25 voltage generating unit during a period of the second display. 

A second feature of the display device according to the present invention is a 
display device including a memory device-built-in pixel portion including a plurality of 
data lines and a plurality of scan lines arranged in a matrix, a plurality of pixels disposed 
on respective intersections of the both lines, a plurality of pixel switching elements 
30 electrically conducting the data lines and the pixels based on scan signals supplied to the 
scan lines to write graphic data supplied to the data lines into the pixels, and a plurality of 
memory devices storing the graphic data supplied to the data lines and being constituted to 
be capable of supplying the graphic data stored to the pixels corresponding thereto, a data 
driver and a scan driver for controlling the write of the graphic data supplied to the data 
35 lines into the pixels in order to perform a first display, a memory device driver for 
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controlling the write of the graphic data held in the memory devices into the pixels in 
order to perform a second display, a power source voltage generating unit for supplying a 
power source voltage to the data driver and the scan driver, and a power source voltage 
generating and stopping circuit for stopping generation of the power source voltage in the 
5 power source voltage generating unit during a period of the second display. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG 1 is a block diagram schematically showing a configuration of a liquid 
crystal display device according to an embodiment. 

FIG. 2 is a circuit configuration diagram showing in detail a configuration of one 
10 pixel included in an SRAM-built-in pixel unit shown in FIG. 1. 

FIG. 3 is a time chart showing change of a signal voltage during an SRAM drive. 
FIG. 4 is an explanatory view showing relations of circuit configurations of an X 
driver, a Y driver and an SRAM driver for driving the SRAM-built-in pixel unit, a power 
source voltage for use and a power source voltage during the SRAM drive toward using 
15 conditions thereof. 

FIG. 5 is a circuit configuration diagram of a DC/DC converter according to an 
embodiment 1. 

FIG. 6 is a circuit configuration diagram of a DC/DC converter according to an 
embodiment 2. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, description will be made for an embodiment in which a display 
device according to the present invention is applied to a liquid crystal display device. 

FIG. 1 is a block diagram schematically showing a configuration of a liquid 
crystal display device 10 according to the embodiment. The liquid crystal display device 
25 10 includes: an SRAM-built-in pixel portion 1; an X driver 2 and a Y driver 3 for 
normally driving the SRAM-built-in pixel portion 1; and an SRAM driver 4 for driving 
the SRAM-built-in pixel portion 1 based on SRAM holding data. 

Besides a power source voltage, a timing signal, graphic data and various control 
signals are supplied to each of the drivers according to needs from an I/F substrate 
30 including a controller IC, a power source voltage generating unit, a D/A converter and the 
like, which are not shown. 

Note that, the X driver 2, the Y driver 3 and the SRAM driver 4 are a data driver, 
a scan driver and a memory device driver in this embodiment, respectively. The 
SRAM-built-in pixel portion 1 is a memory device-built-in pixel unit in this embodiment. 
35 The controller IC is an external control circuit in this embodiment. 
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FIG 2 is a circuit configuration diagram showing in detail a configuration of one 
pixel included in the SRAM-built-in pixel portion 1 shown in FIG 1. Reference codes 
added to a switch shown in FIG 2 collectively denote a thin film transistor (TFT) switch 
such as an (n-channel or p-channel) MOSFET. Hence, two terminals and one contact of 

5 the switch denote a source (S), a drain (D) and a gate (G), respectively. 

One pixel is constituted of a normal pixel unit 100 and an SRAM unit 200. The 
normal pixel unit 100 is a pixel area without any memory device, and is constituted of a 
pixel TFT 13, a pixel electrode 14, an opposite electrode 15, a liquid crystal layer (not 
shown) and the like. In other words, the pixel shown in FIG 2 is a liquid crystal pixel 

10 holding the liquid crystal layer (not shown) between the pixel electrode 14 and the 
opposite electrode 15. 

In the normal pixel unit 100, the source of the pixel TFT 13 is connected to a 
data line 11, and the drain is connected to the pixel electrode 14. The liquid crystal layer 
(not shown) is held between the pixel electrode 14 and the opposite electrode 15, thus 

15 forming a pixel capacitor C. Moreover, the gate of the pixel TFT 13 is connected to a 
scan line 12, and on/off thereof is controlled by a scan signal supplied from the Y driver 3 
shown in FIG 1. A potential of the scan line 12 is set at an off-level or an on-level based 
on the scan signal supplied from the Y driver 3. 

Note that the pixel TFT 13 is a pixel-switching element in this embodiment. 

20 Moreover, though not shown, the data line 11 and the scan line 12 exist in plurality, 
respectively, and are arranged in a matrix. And, the pixel shown in FIG 2 is disposed on 
each intersection of the both lines. 

The SRAM unit 200 is an area constituting the SRAM as a memory device and 
is constituted of switches SW-A, SW-B and SW-C and inverters 16 and 17. In the 

25 SRAM unit 200, a terminal (2) of the switch SW-A is connected to an input side of the 
inverter 16, and an output side of the inverter 16 is connected to an input side of the 
inverter 17 and a terminal (2) of the switch SW-B. Moreover, an output side of the 
inverter 17 is connected via the switch SW-C to the input side of the inverter 16. The 
pixel electrode 14 of the normal pixel unit 100 is connected to terminals (1) of the 

30 switches SW-A and SW-B of the SRAM unit 200. 

In the SRAM unit 200, the inverters 16 and 17 and the switch SW-C constitute 
the SRAM. The switches SW-A and SW-B constitute a switching circuit controlling 
electric conduction between the pixel electrode 14 of the normal pixel unit 100 and the 
SRAM. Moreover, the switch SW-C in the SRAM is an SRAM switching element in 

35 this embodiment. 
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The gates of the switches SW-A and SW-B are connected to control signal 
lines (not shown), and on/off thereof is controlled by control signals supplied via 
the control signal lines from the SRAM driver 4 shown in FIG 1. Moreover, the gate of 
the switch SW-C is connected to the scan line 12, and on/off thereof is controlled by the 
5 scan signal supplied from the Y driver 3 shown in FIG 1. In other words, the on/off of 
the pixel TFT 13 and the switch SW-C is controlled by the scan signal supplied to the 
same scan line 12. However, the on/off of the pixel TFT 13 and the on/off of the switch 
SW-C are in a relation reverse to each other. Specifically, when the pixel TFT 13 is 
turned on, the switch SW-C is turned off, and when the pixel TFT 13 is turned off, the 
10 switch SW-C is turned on. 

Note that, in FIG 2, the inverters 16 and 17 connected to the switch SW-C are 
constituted of CMOS gates. 

In this embodiment, the display of a still image based on the graphic data held in 
the SRAM unit 200 (i.e., SRAM holding data) is referred to as an SRAM drive. 
15 Moreover, a display of a full-color moving picture or a halftone image based on the 
graphic data supplied to the data line 11 is referred to as a normal drive. The display 
based on the normal drive is a first display in this embodiment, and the display based on 
the SRAM holding data is a second display in this embodiment. 

Next, description will be made for a basic operation of the pixel described above 
20 with reference to FIG. 3. FIG 3 is a time chart showing change of s signal voltage 
during the SRAM drive. Dotted lines indicate partitions of frames. Moreover, "H" and 
"L" in each signal voltage denotes potentials on high and low levels, respectively. For 
example, a potential of 10 V as "H" and a potential of 5 V as "L" are set. 

In a normal display mode where the pixel is normally driven, the switches SW-A 
25 and SW-B are turned off, and the SRAM unit 200 and the normal pixel unit 100 are cut 
separately from each other, then the display is performed by the on/off of the pixel TFT 13. 
In other words, the pixel TFT 13 is iterated to be on/off in a set cycle by the scan signals 
supplied via the scan line 12 from the Y driver 3, and normal graphic data is applied to the 
pixel capacitor C via the data line 11 from the X driver 2 in synchronization with the scan 
30 signals, thus performing the display. 

In the case of the SRAM drive, in a final frame switched from the normal drive 
to the SRAM drive (i.e., in a write mode), the SRAM holding data is written into the 
SRAM unit 200. In this write mode, the switch SW-A is turned on, the switch SW-B is 
turned off, and the pixel TFT 13 and the switch SW-C are iterated to be on/off in a set 
35 interval. Then, a binary monochrome signal voltage is supplied via the data line 11 from 
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the X driver 2 and written into the inverters 16 and 17 as SRAM holding data. 

In the following SRAM display mode performing the SRAM drive, the pixel 
TFT 13 is fixed to be off, and the switch SW-C is fixed to be on. Moreover, the switch 
SW-A and SW-B are iterated to be on/off alternately for each frame cycle, and outputs of 
5 the inverters 16 and 17 (i.e., reverse and non-reverse outputs) are alternately selected, thus 
the SRAM holding data different in polarity for each frame cycle is given to the pixel 
capacitor C. In synchronization therewith, a potential of the opposite electrode 15 is 
reversed for each frame cycle. Consequently, a binary monochrome display is obtained 
from a phase relation between the potential of the pixel electrode and the potential of the 

10 opposite electrode. 

FIG. 4 is an explanatory view showing relations of circuit configurations of the X 
driver 2, the Y driver 3 and the SRAM driver 4 for driving the SRAM-built-in pixel 
portion 1 shown in FIG 1, a power source voltage for use and a power source voltage 
during an SRAM drive toward using conditions thereof. Hereinafter, description will be 

15 briefly made for an operation of each unit with reference to FIG. 4. Note that each unit 
described in FIG 4 is not illustrated. Moreover, a term such as "power source voltage 
XVDD" is abbreviated as "XVDD". 

The X driver 2 includes a shift register, a data latch, a gradation voltage selection 
unit and a data line output unit. Parallel graphic data (i.e., digital gradation data) for each 

20 of R, G and B inputted to the X driver 2 is converted into a serial data string for one line in 
the shift register and the data latch. A gradation voltage of this graphic data is converted 
into analog graphic data by the gradation voltage selection unit. Furthermore, the 
converted analog graphic data is subjected to impedance conversion in the data line output 
unit, and then outputted to the data line 11. 

25 The Y driver 3 includes a shift resister, a level shifter and a scan line output unit. 

A shift pulse inputted to the Y driver 3 is shifted at timing of a clock signal in the shift 
register. This shift pulse is subjected to level conversion in the level shifter, and then 
outputted as a scan signal from the scan line output unit to the scan line 12. 

The SRAM driver 4 includes an SRAM control signal generating unit 

30 generating control signals for the switches SW-A and SW-B of FIG.2 and an SRAM 
inverter power source unit supplying power source voltages to the inverters 16 and 17. 

In order to control the SRAM unit 200 during the SRAM drive, the SRAM 
driver 4 requires YGVDD, YGVSS, SVDD and SVSS. In this case, XVDD of the X 
driver 2 is unrequired. This is because the graphic data supplied to the data line 11 does 

35 not contribute to the SRAM drive. Meanwhile, in this embodiment, YVDD and the like of 



6 



the Y driver 3 are required during the SRAM driver. This is because, during this period, 
logic of the shift register is fixed and the potential of the scan line 12 is set at the off level 
in the Y driver 3. Hence, in this embodiment, only XVDD is unrequired during the SRAM 
^drive. As described above, heretofore, since the XVDD has been supplied also during the 
5 SRAM drive, the power loss inside the X driver 2 has been caused. 

Next, as embodiments 1 and 2, circuit configurations of DC/DC converters, each 
constituting the power source voltage generating unit, will be described. The DC/DC 
converters generate a plurality of power source voltages supplied to the respective drivers. 
In the embodiments below, description will be made for circuit configurations, in which 
10 the XVDD is supplied to the X driver 2. 

[Embodiment 1] 

FIG. 5 is a circuit configuration diagram of the DC/DC converter according to 
the embodiment 1, showing a configuration in which the supply of the XVDD is stopped 
during the SRAM drive. 

15 Pluralities of power supply lines are connected to an output side of the DC/DC 

converter 20. Among them, to a power supply line 21 connected to the X driver 2, a 
switching circuit 22 is connected (illustration of the other power supply lines are omitted). 
This switching circuit 22 is a TFT switch constituted of an n-channel MOSFET, and is the 
power source voltage control circuit in this embodiment. To a gate of the switching 

20 circuit 22, an SRAM mode signal is given from a controller IC (not shown). This 
SRAM mode signal is a mode-switching signal in this embodiment. 

During the normal drive, a high-level SRAM mode signal is supplied from the 
controller IC (not shown) to the switching circuit 22, where the electric conduction is 
fixed to be on. In this case, the XVDD generated in the DC/DC converter 20 is 

25 outputted from the power supply line 21 via the switching circuit 22 to the X driver 2. 

During the SRAM drive, a low-level SRAM mode signal is supplied from the 
controller IC (not shown) to the switching circuit 22, where the electric conduction is 
fixed to be off. In this case, since the power supply line 21 is cut off, the XVDD 
. generated in the DC/DC converter 20 is not supplied to the X driver 2. 

30 In the embodiment 1, since the supply of the XVDD to the X driver 2 on standby 

during the SRAM drive is stopped, an unnecessary power loss in the X driver 2 can be 
reduced. 

Note that, when the switching circuit 22 is constituted of a p-channel MOSFET, 
the electric conduction of the switching circuit 22 is fixed to be off by the high-level 
35 SRAM mode signal. 
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[Embodiment 2] 

FIG 6 is a circuit configuration diagram of the DC/DC converter according to 
the embodiment 2, showing a configuration in which the generation of the XVDD is 
stopped during the SRAM drive. 

5 A DC/DC converter 30 includes a switching boosting unit 31, an output 

smoothing unit 32, a comparator 33 and an AND circuit 34. Note that, in FIG 6, among 
a plurality of circuit configurations generating power source voltages, the circuit 
configuration generating the XVDD supplied to the X driver 2 is particularly shown. 

A voltage inputted to the DC/DC converter 30 is boosted by the switching 

10 boosting unit 31, and smoothed by the output smoothing unit 32, then outputted as the 
XVDD. In the comparator 33, the XVDD outputted from the output smoothing unit 32 
is monitored. The comparator 33 compares the XVDD with a reference voltage. If the 
XVDD reaches the reference voltage, the comparator 33 outputs a low-level signal, and if 
not, outputs a high-level signal. The boosting operation of the switching boosting unit 

15 31 is controlled by the low-level or high-level signal inputted from the comparator 33 via 
the AND circuit 34. Thus, the output voltage from the DC/DC converter 30 is always 
the XVDD. 

Note that the AND circuit 34 is a circuit for stopping the generation of the power 
source voltage in this embodiment. For the AND circuit 34, a comparison result 
20 outputted from the comparator 33 and the SRAM mode signal supplied from the 
controller IC (not shown) are set as input signals. The SRAM mode signal is a 
mode-switching signal in this embodiment. 

During the normal drive, the SRAM mode signal supplied from the controller IC 
(not shown) to the AND circuit 34 is set at the high level. In this case, since the 
25 low-level or high-level signal outputted from the comparator 33 is supplied via the AND 
circuit 34 to the switching boosting unit 31, the normal boosting operation as described 
above is carried out in the switching boosting unit 31. 

During the SRAM drive, the SRAM mode signal is set at the low level. In this 
case, whatever an inputted signal may be, the output from the AND circuit 34 is not 
30 obtained. Therefore, the boosting operation of the switching boosting unit 31 is stopped, 
resulting in the stop of the generation of the XVDD. 

In the embodiment 2, since the generation of the XVDD in the DC/DC converter 
30 is stopped during the SRAM drive, a self-loss of a regulator constituting the DC/DC 
converter 30 can be eliminated. Thus, the unnecessary power lose in the X driver 2 can 
35 be reduced during the SRAM drive, and in addition, the self loss of the regulator 



constituting the DC/CD converter 30 can be suppressed. Hence, in comparison with the 
case as the embodiment 1 where only the supply of the XVDD is stopped, the power 
consumption can be further reduced. 

In the above-described embodiments 1 and 2, as shown in FIG. 2, the circuit 

5 configuration is premised, in which the scan line 12 of the Y driver 3 also serves as a 
control line of the switch SW-C of the SRAM unit 200. Therefore, the operation of the 
Y driver 3 cannot be stopped during the SRAM drive. This is because, in the Y driver 3, 
the logic of the shift register (not shown) is fixed during the SRAM drive and the potential 
of the scan line 12 is set at the off level. However, a configuration can be adopted, in 

10 which the control of the switch SW-C of the SRAM unit 200 is carried out via a control 
line dedicated thereto. In the case of adopting the circuit configuration as described 
above, in which the scan line 12 of the Y driver 3 and the control line of the switch SW-C 
of the SRAM unit 200 are separated from each other, the operations of the X driver 2 and 
the Y driver 3 can be stopped during the SRAM drive. 

15 Specifically, in the embodiment 1 shown in FIG. 5, the switching circuit 22 is 

connected to a power supply line (not shown) connected to the Y driver 3. Moreover, in 
the embodiment 2, the DC/DC converter generating the YVDD and the like required for 
driving the Y driver 3 is constituted as shown in FIG 6. 

By adopting the circuit configuration as described above, while the XVDD is 

20 supplied to the X driver 2 during the SRAM drive, the supply of the YVDD and the like to 
the Y driver 3 can be stopped. Hence, the saving of the electric power can be far more 
achieved. 
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